Abstract : IGRA (interferon gamma release assay) testing has marked a new start in the diagnosis of tuberculosis. There is still, however, discrepant evidence in terms of its effectiveness in the early childhood. The purpose of this study was to compare the effectiveness of the new T SPOT TB (ELISPOT TB test) and the TST (tuberculin skin test) in infant children with active tuberculosis. Fifty one (51) children, who were treated at the University Children's Clinic for Pulmonary Diseases in 2009 were studied. The average age of the children was 2.15 ± 1.39 years. Upon examination with the TST, only 2 children reacted negatively, 45.1% were with size of the infiltrate 6 mm to 14 mm at the 72nd h and 51.0% were with size of the infiltrate larger than 15 mm. Upon examination with the T SPOT TB, 69.6% of the children gave positive results, which was significantly less than the 96.1% positive results, obtained with the TST, and in consistency with the study results of other authors. By using both tests, the high rate of 76.7% of positive results was achieved. The concordance between TST and T SPOT TB was 76.4%. This gives us reason to believe that despite the difficulty of diagnosing tuberculosis in infancy, the use of both tests increases our diagnostic capabilities.
Introduction
New diagnostic methods for the early diagnosis of tuberculosis are constantly searched for. It was necessary to identify antigens that are highly specific to Tuberculosis is a disease that undergoes a renaissance in recent years. One third of the world population is infected. Over 8 million get sick each year and 2-3 million die from tuberculosis.
In the European region, 450,000 new cases were detected and 69,000 people died only in 2009. In Europe, 50 people are at a risk and 8 die every hour from tuberculosis. 15% of the patients are resistant to tuberculostatics.
There is a big difference between the incidence of tuberculosis in Eastern and Western Europe-from 4/100,000 in Switzerland to 177/100,000 in Turkey. In Bulgaria and Romania, the incidence is 53/100,000, respectively. the tuberculosis bacterium and were not presented in the BCG (Bacille Calmette-Guerin) vaccine or atypical mycobacteria. This became possible after reading the genome of the tuberculosis bacterium. These specific antigens are ESAT-6 (early secreted antigenic target 6) and CFP-10 (culture filtrate protein 10). These antigens are localised in the gene, differentiated as the region of deletion 1 (RD 1) segment of Mycobacterium tuberculosis. Both proteins have been associated with the virulence and cytotoxicity of the tuberculosis bacterium. These proteins are directly responsible for the specific T-cell immune response.
The T SPOT TB was found by Ajit Lalvani in 2001 and was first presented at the symposium in Paris in 2004. This test counts directly the interferon-gamma producing effector cells. Separated lymphocytes are placed into wells with antigens and the specific antigens are affixed to the interferon-gamma producing T-cells.
The objective of this study was to compare the effectiveness of the T SPOT TB and the TST in children suffering from tuberculosis in infancy. 
Materials and Methods

Study Participants
The study was conducted at the University Children's Clinic of Pulmonary Diseases in Sofia, from January to December 2009, in children with active tuberculosis. The children were 0 to 5 years of age.
Inclusion Criteria
Tuberculosis was diagnosed, based on:
(1) signs and symptoms of active tuberculosis; (2) microbiological and culture confirmation; (3) abnormal radiograms; (4) history of contacts with actively diseased adults.
As a result of meeting all these criteria, only children with diagnosed tuberculosis were studied, prior to initiating anti-tuberculosis therapy. 
Screening for Active Tuberculosis
Laboratory Analyses
The T SPOT TB was tested in the Central Immunological Laboratory, Alexandrovska Hospital, in accordance with the recommendations of Oxford Immunotec, Abingdon, UK. The blood was collected in 4 mL tubes and PBMCs (peripheral blood mononuclear cells) were prepared within 2 h, following standard procedures. All procedures, including the result interpretations, were performed in accordance with the recommendations of the Manufacturer. The values of the spot forming cells were counted by using a microscope. The results were evaluated in accordance with the standards of Oxford Immunotec.
Statistical Analysis
The statistical analysis was performed by using the SPSS 15. The failed or indefinite results were not included in the analysis. The rate ratio for both tests was examined in various forms of tuberculosis and different diagnostic criteria. The concordance and kappa were examined.
Results and Discussion
All children were hospitalised for treatment at the clinic, referred by the general practitioners or district dispensaries. All children were of Bulgarian nationality, aged from 0 to 5 years. The duration of the study was 12 months. Girls and boys were 25 and 26 children, respectively.
The group of children with tuberculosis of the tracheobronchial lymph nodes (37 children) was the largest, followed by these of the children with primary tuberculous complex (9 children), extrapulmonary tuberculosis (3 children) and haematogenous disseminated forms (2 children), which is not much different from the structure of morbidity in Bulgaria for this age group (Fig. 1 ).
All children were screened for the presence or absence of a BCG vaccination scar. In 33 children, there was no BCG scar, which is associated either with the late appearance of the scar in children under 1 year of age or omissions in our vaccination programme.
Since the presence of a scar is the only criterium for exact performance of the BCG vaccination, we will focus on the monitoring of these children, in terms of severity of the disease.
Considering the course of the TB disease and its clinical manifestations, a large number of the children (41 children) were admitted to the clinic after detection of an adult with bacteriological confirmation.
Based on the aetiopathogenesis of tuberculosis in the childhood, it is known that a very small percentage of children are bacteriological confirmation. In this age group, 25.5% were BK (Bacillus Koch)-positive directly or on a culture, which is much higher than the average 14% for the child age.
It is noteworthy that in this age group, only two children reacted negatively to the TST with 5 IU of PPD tuberculin. 45.1% had size of the infiltrate 6 mm to 14 mm at the 72nd h and 51.0% were with tuberculin reactions larger than 15 mm (Fig. 2) .
Upon the examination with the T SPOT TB, 69.6% of the children gave positive results, as 5.9% responded to ESAT-6, 15.7% to CFP and 47.1% to both antigens (Fig. 3) .
The average age of the children studied was 2.15 ± 1.39 years. The mean values of the tuberculin reaction were 13.67 ± 4.7 mm. As demonstrated by our statistics, the average size of the infiltrate was within the normal range, but in most of the children, the quality characteristics were typical for a virulent nature of the infiltrate, with presented bullae, vesicles, petechiae, uneven borders of the infiltrate, residual pigmentation or crusts. This shows how important the interpretation of the tuberculin skin test is.
The mean values of the ESAT-6 were 14.73 ± 14.22 spots and the mean values of CFP 10-18.69 ± 16.52 spots. It can be seen that the number of spots, reacted to CFP 10, is higher by almost 4 points, which is consistent with the publications considering this antigen as the antigen of the early phase of tuberculous infection (Fig. 4) . 
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Fig. 3 Effects of T SPOT TB rates.
Fig. 4 T SPOT TB reaction in spots.
The TST and the T SPOT TB in the different forms of tuberculosis were monitored.
In tuberculosis of the tracheobronchial lymph nodes, 22 children were with TST > 15 mm and 14 with TST of 6-14 mm. Twenty six (26) of the children responded positively to the T SPOT TB, as 7 of them to CFP 10 and 18 to both antigens. This once again supports the above stated [1] [2] [3] (Fig. 5) .
In the primary tuberculosis complex group, 5 children were with normergic TSTs, but with signs of virulence, and 4 children were with hyperergic TSTs. For this nosological entity, the T SPOT TB was positive in 7 patients, as there was 1 responder to ESAT-6, 1 to CFP 10 and 5 responders to both antigens, which is in support of the aetiopathogenesis of the primary complex, where a large and continuous invasion of tuberculosis bacterium is required.
The children with haematogenous disseminated forms and tuberculous meningitis were with normergic tuberculin reactions and negative T SPOT TB reactions, which can be explained, on the one hand, by the severity of the disease and on the other, with the young age of the children and the insufficient amount of interferon-gamma producing effector T-lymphocytes [4] [5] [6] [7] .
The presence or absence of a BCG scar did not affect the reaction to tuberculin. Both groups responded equally, with norergic and hyperergic tuberculin reactions. The group of children without scars (33 children) was predominant, which once again raises the question of the need of control over the vaccination programme.
For the T SPOT TB, 67.7% of the children with no BCG scars reacted positively; 6.1% of them to ESAT-6, 15.2% to CFP 10 and 45.5% to both antigens. In the children with BCG scars, 73.2% were positive: 5.6% to ESAT-6, 16.7% to CFP 10 and 50.0% to both antigens, respectively. BCG vaccination has no effect on T SPOT TB, since it lacks the antigens of BCG strains.
In Fig. 6 , it can be seen that the children, who were in contact with tuberculous adults, have pronounced reactions to both the TST and the T SPOT TB, which once again shows that the close contact with a tuberculous patient affects the immunological reactivity of the body and results in more frequently in a disease [8] [9] [10] 12] .
It is interesting to note that in the BK-positive children, the rate of hyperergia was only 30.8%, while in the BK-negative children, the hyperergia was 57.9%. In the BK-positive children, only 38.5% were positive to the T SPOT TB, indicating that in this age group, the diagnostic capabilities of the tuberculin test are greater (Fig. 7) .
As a result, we determined the sensitivity in TST for the cases with sizes of the infiltrate larger than 10 mm, because we found that in the majority of the children, the tuberculin reaction was larger than 10 mm, with quality characteristics of virulence [12] [13] [14] .
In sizes of the infiltrate larger than 10 mm, the sensitivity was 61.5%, which corresponds to the diagnostic capabilities of the test, where both quantitative and qualitative indicators of virulence are taken into account. In sizes of the infiltrate larger than 10 mm, sensitivity of T SPOT TB was 38.5%. It was of crucial importance for us to examine whether and what type of relationship is available between the two tests. For achieving these objectives, we used the concordance and kappa.
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In the children of up to 5 years of age, we found a concordance of 76.4% at a likelihood ratio of 7.81-df1-P < 0.005 and kappa 0.368 at P = 0.04. This suggests a relatively good correlation between the two immunological tests.
The diagnosis of active tuberculosis in children remains a challenge in pediatrics, since the bacteriological confirmation is the exception rather than the rule. In most cases, the diagnosis is based on the symptoms, history of exposure, radiographic changes and evidence of BCG vaccination.
In this study, we made an attempt to investigate the diagnostic potential of the T SPOT TB in children with active tuberculosis, which showed less sensitivity, compared to adults. Many authors believe that in a primary infection, such as the case in small children, due to the specificity of the immunological response, there is less production of interferon-gamma by the effector cells in the peripheral blood, while in reactivation of the infection in adults, there is significantly more specific effector cells and therefore the T SPOT TB sensitivity is higher. Many studies have shown that a certain amount of antigen-specific effector cells in the peripheral blood is required, in order to obtain adequate results in the T SPOT TB test.
In some cases, the initially negative T SPOT TB results become positive in the process of monitoring, which supports the above hypothesis [15] [16] [17] .
According to the results obtained, the negative T SPOT TB does not exclude an active tuberculosis, particularly in children of up to 5 years of age. However, an examination with the T SPOT TB, especially in countries with compulsory BCG vaccination, may contribute to the overall diagnostic process, especially in combination with the TST. In the event of a negative T SPOT TB but other diagnostic criteria presented for active tuberculosis, tuberculostatic therapy should be initiated. This is particularly important for children of up to 5 years of age and complies with the recommendations of ECDC Guidance-Use of interferon-gamma release assays in support of TB diagnosis Stockholm, 2011 [18] [19] [20] [21] .
This gives us a reason to believe that despite the difficulty of diagnosing tuberculosis in this age group, by using both tests we can achieve 76.7% positive results. Regardless of the complex immunological micro-macroorganism relationships in the early childhood, both immunological tests have their value. Of course, in children with negative T SPOT TB tests and other diagnostic criteria presented, the treatment should be started.
Conclusions
From the above-stated, we can draw the following 
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conclusions:
(1) T SPOT TB has a lower diagnostic capability than TST in the most common form of primary tuberculosis-tuberculosis of the tracheobronchial lymph nodes;
(2) The T SPOT TB reveals its highest diagnostic capabilities in the primary tuberculosis complex; (3) In the severe forms of tuberculosis, such as tuberculous meningitis and haematogenous disseminated tuberculosis, the diagnostic capabilities of both tests are low, due to the severe immunosuppression in young children; (4) Upon the use of both tests, we can achieve the high rate of 76.7% of positive results; (5) The concordance between TST and T SPOT TB was 76.4%, indicating high diagnostic capabilities of the use of both tests.
